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Abstract: A diode-pumped relative gain of 2 dB at 1.55 µm wavelength based on evanescent 
excitation using a highly Er3+-doped laser glass over side-polished fiber was demonstrated for 
the first time. The pump efficiency can be highly improved with a blazed grating to achieve 
ultra-low-noise fiber amplifiers and upconversion fiber lasers. 
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1. Introduction 
 
Erbium-doped fiber amplifiers (EDFAs) play the prominent role in fiber-optic communication systems but the 
guided amplified-spontaneous-emission (ASE) robbing gains from signals and raising the noise level are 
unavoidable. In contrast, evanescent wave optical amplifiers [1] are featured with naturally depressed ASE due 
to the passive-core and active-cladding structure [2] and a 22 dB gain based on a pulse-pumped laser dye had 
been demonstrated [3]. The evanescent pumping can achieve optical amplification at any wavelength 
contingent on the active material over the passive guiding core but which is difficult to realize for core or 
cladding pumping scheme especially when using certain rare-earth-doped (e.g., Pr3+, Nd3+, Ho3+, Tm3+) silica 
fibers due to multiphonon relaxation. For evanescent pumping, the pump wavelength penetrates the cladding 
to excite the active material via its exponential decay field and gives rise to stimulated emission for the 
incident signals. The stimulated photons follow the direction of the reflected signals instead of the incident 
signals and are subsequently guided into the core again and propagate forward. However, the evanescent gain 
is highly relevant to the overlap between signal and pump evanescent field distribution and also their 
interaction length along with the gain medium but was unsuccessful for cw-pumping [3,4]. The inefficient 
evanescent pumping was imputed to the over-short interaction length, 1 ~ 2 mm [3,4] and poor evanescent 
field overlap between signal and pump wavelengths for which the poor overlap is because of the dispersive 
evanescent wave tunneling [5] between gain medium and passive guiding core. 
In this work, we demonstrated a cw-pumped evanescent wave fiber amplifier (EWFA) based on a highly 
Er3+-doped fluorophosphates glass attached onto the side-polished fiber (SPF). A relative gain of around 2 dB 
for 1550 nm wavelength is achieved while the noise level is almost unchanged. A 10° tilted grating can be 
inscribed in interaction region to enhance the pump efficiency by thoroughly coupling the 1480 nm power into 
gain medium shown in Fig.1. To our best knowledge, this is the first time for a cw-pumped EWFA using laser 
glass and operating at 1.55 µm wavelength to be demonstrated. 
 
2. Device structure and fabrication 
 
A highly Er3+-doped glass is essential for our compact fiber amplifier but the closely spaced erbium ions tend 
to cluster in highly Er3+-doped silica glass and lead to concentration quenching. Fluorophosphate glass is the 
most promising host since its good quality in incorporating high Er3+ concentrations and the less inclination to 
clustering. Fluorophosphate glass also manifests larger absorption, emission cross-sections and gain bandwidth 
than silica glass. The index of the erbium glass should be lower than the effective index neff of the SPF for 
effectively guiding the LP01 mode and where the V-value of the device should be ranging from 0.6 to 2.405 [2]. 
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The parameters of the highly Er3+-doped fluorophosphates glass are listed in Table I. This erbium 
fluorophosphate glass was made using melting method by Shanghai Institute of Optics and Fine Mechanics, 
China. However, the optical uniformity of this highly Er3+-doped fluorophosphate glass is not good enough 
and part of the optical gain is depleted by phonons. 
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Fig. 1. Device structure. The inset diagram shows the evanescent field distribution of the pump and signal wavelength ahead of the grating 
region. The refractive index of the erbium glass, core and cladding are ner, ncore and nclad, respectively, where ncore > ner > neff > nclad. 
 
The fiber used is HNA15A8 (Prime Optical Fiber Corporation) with NA, core and cladding diameter of 
0.28, 3.75 µm and 80 µm, respectively. The HNA fibers were hydrogenated and a 10° tilted grating was 
inscribed with period of 501 nm and length of 8 mm to couple the 1480 nm pump wavelength into radiation 
modes. The experimental set up is shown in Fig. 2. During fabrication, a broadband 1480 nm superluminescent 
laser diode (1480-SLD) was used to measure the transmission and reflection spectra of the blazed grating 
shown in Fig. 3 (a). For side-polishing, the diffraction orientation of the grating was fixed and the fibers were 
then embedded and glued into the curved Si V-grooves for precision polishing [5]. The V-groove curvature is 
30 m and the central remained cladding thickness was 0.5 µm. The neff and the effective interaction length Leff 
of the SPF at 1.55 µm wavelength are calibrated to be 1.466 and 16 mm [5], respectively. This Leff is much 
longer than that of others [3] and which is advantageous to obtain an optical gain for cw-pumped EWFA. 
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Fig. 2. Experimental set-up for the EWFA fabrications and measurements. The inset diagram shows the fabrication of the tilted grating.  
 
3. Measurements and characteristics 
 
In fact, the index of our erbium fluorophosphate glass should be lower than neff of the SPF. Unfortunately, we 
do not achieve a low index laser glass with high erbium ion concentration at this stage. From Fig. 2, the 
EDFA-pumped 1530 nm, 1550 nm, and 1570 nm DFB laser light were respectively launched into the polished 
HNA fiber via a 40× objective while a 250 mW 1480 nm diode laser light was simultaneously coupled into the 
fiber. The coupling efficiency is only about 26% for 1480 nm and 20% for 1550 nm wavelength for SPF 
without blazed grating inscribed. The SPFs with blazed gratings inside were very weak and were accidentally 
damaged and can not be shown to improve the pump efficiency in this work. Without blazed grating, we used 
the SPF to investigate the signal gain when the 13.4-mm-long erbium fluorophosphate glass was attached on 
the SPF. However, plenty of the pump and signal powers were refracted outside the SPF since the refractive 
index of erbium glass is higher than neff of the SPF. For the remained pump and signal powers, the curves of 
relative signal gain are shown in Fig. 3(b), where the pump power represents the total power of pump laser but 
not the net absorption power of erbium glass. The inset picture shows the cooperative upconversion 
fluorescence excited by the refracting pump power and the emission spectra was measured to be 525 ~ 535 nm 
(2H11/2 → 4I15/2 multiplet) and 535 ~ 562 nm (4S3/2 → 4I15/2 multiplet). The intensity of the upconversion 
fluorescence is strong and an upconversion fiber laser can be feasible with a feedback mechanism. 
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Fig. 3. (a) The measured spectra of the blazed grating (b) Gain curves for the signals of 1530 nm, 1550 nm, and 1570 nm. 
 
Table I.  Parameters of the Er3+-doped fluorophophate glass. 
_______________________________________________________________________________________________________________ 
Dimensions          13.4 mm (L) × 9.8 mm (W) × 1.6 mm (H)        Density                                   4.02 g/cm3                     
Refractive index at 589.3 nm                        1.4763        Refractive index at 1550 nm                     1.4695                      
Er3+ concentration                           1.19×1021 cm-3        Er2O3 concentration                           9.4 wt% 
Fluorescence lifetime                              9.0 ms              Peak absorption cross section (1530nm)      5.43×10-21 cm2                     
Peak emission cross section (1532 nm)          5.99×10-21 cm2        Fluorescence linewidth (FWHM)                  54 nm 
 
4. Conclusion 
 
We have demonstrated a cw-pumped EWFA with a relative gain of around 2 dB in 1.55 µm wavelength using 
a highly Er3+-doped laser glass over SPF in which a long effective interaction length is fulfilled. The blazed 
grating is expected to highly improve the pump efficiency and will be realized in the following works. We are 
also investigating the upconversion gain and the feasibility of an upconversion fiber laser based on this laser 
glass. The results will be presented in the conference. 
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